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La~nnec, during his office  hours one afternoon, was obliged to examine a pon- 
derously fat patient. 
"I  rolled  a  quire  of  paper into  a  kind  of  cylinder,  and  applied  one end  of  it  to  the  region 
of the heart and the other to the ear, and was not ~ little surprised and pleased to find that 
I  could thereby perceive  the action of  the heart in a manner much more clear and dis- 
tinct than I had ever been able to do by immediate application of the ear. ''1 
Thus, the first stethoscope came into existence, a hundred years ago. 
La~nnec's earlier conception of sound conduction ]ed him later to experiment 
with solid and hollow pieces of wood as media.  The paper roll was translated into 
boxwood.  At first these stethoscopes were thick and clumsy, without either an 
aural or pectoral piece, and their introduction into general use was by no means 
rapid.  Piorry at a later date reduced the size of the stem to the thickness of a 
finger.  Then a pectoral end appeared, and soon an aural piece followed.  The 
flexible monaural came next, and not  until 1851 was  the binaural stethoscope 
invented.  This was a product of Cammann. 
There followed an era of discussion, in which we meet the names of Skoda, Beau, 
Zamminer, Seitz,  Williams, and others.  The public was  swayed first  in one 
direction, then in another.  Through these years, however, a  slow  but definite 
progress in interpretation was noticeable.  It remained for Flint, about 1883, to 
give the profession the most comprehensible explanation of breath sounds it had 
yet received.  But the stethoscope itself has not essentially been improved since 
La~nnee's  time.  Nor can the interpretation  of Flint  be regarded as at all complete. 
Laws Governing Sound. 
Sound is a mode of motion.  It consists of periodic vibrations which 
are complete, and which require for their transmission some suitable 
elastic medium.  The particles of the elastic medium receive the first 
l Quoted from Forbes (1830),  p. 5. 
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impulse from the area of condensation  adjacent.  This  area in  turn 
becomes a place of rarefaction, and accordingly, the wave length is the 
distance from one rarefaction or condensation to the  next portion of 
the medium in the same phase. 
Of the many influences which modify the intensity of sound, there 
are four which, perhaps,  should be mentioned.  (1)  The intensity of 
sound is inversely as the square of the distance of the sounding  body 
from the ear.  (2)  The intensity of sounds of the same pitch is pro- 
portional to the square of the amplitude of the sonorous body.  (3) 
The intensity of sound depends on the density of the air at  the place 
at which it is produced;  and this density depends upon the proportion 
of carbon dioxide present.  (4)  Lastly, sound may be strengthened by 
the neighborhood of a  suitable sonorous body. 
The laws of reflection and refraction of sound are the same as those 
for light and radiant heat and may be demonstrated by similar experi- 
ments.  Sondhauss constructed lenses of carbon dioxide, the margins 
of which were limited by thin india-rubber,  and he was  thus able  to 
produce either convergence or divergence of the sound waves, or bring 
them to a  focus at will. 
Diffraction of sound is  the phenomenon observed when an object 
intervenes between a sound and the auditor.  The sound waves are bent 
around the object, and under some conditions a sound shadow is pro- 
duced.  A  sound shadow is  the diminished  perception  of  sound  re- 
sulting from the diffraction of sound waves around a body opaque  to 
sound vibrations.  It is analogous to a penumbra. 
Differences in  sound  are  distinguished  by  the  three  properties-- 
pitch, loudness, and quality. 
"Since we are immediately conscious of the acuteness of the bird-notes, as com- 
pared with the gravity of the tone of  the waterfall,  We distinguish  between the 
two sounds primarily by their difference in pitch.  But before we can separate 
the tone of the waterfall from that of the saw-mill, we must note their difference 
in  quality, since  their pitches are nearly alike.  Finally, we  conclude that the 
bird  is  close at hand, but that the other two objects are a mile or more away, 
from the proportional loudness with which the individual sounds reach us. m 
When any given note is sounded on most musical instruments, not 
that  note alone is produced, but a  series of other notes, of small and 
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varying intensity.  If C, which may be called  a  primary  note,  has  a 
frequency which is denoted by unity,  the  whole  series  is  given  by 
the numbers,  1, 2, 3, 4, 5, 6, 7, etc.; in other words, first the primary 
C is sounded, then  its octave becomes audible, then the fifth to that 
octave, then the second octave, then  the  third,  fifth,  and  a  note be- 
tween the sixth and seventh to the second octave, and so on.  These 
secondary  notes  are  called the harmonics of the primary note.  The 
tones which combine to produce the total effect from a single sounding 
body, are  called  partials;  the  lowest  of  these  is  the  fundamental, 
while the others are called the upper partials. 
If a tuning f.ork, having a vibration rate of 522 beats per second, is 
sounded,  and  another  tuning  fork having  the same vibration  rate is 
brought near it, the second fork will be caused to vibrate in sympathy 
with the first.  The tone of one will be strengthened,  and the sound 
waves will be of the same natural frequency.  This capacity to excite 
vibrations  in  a  resting  body  is  called  consonance.  3  Again,  if  two 
forks,  each  having  a  different  vibration  rate,  are  set in  oscillation 
and are caused to approach each other, their phases will interfere, and 
undulations  in  intensity,  called  beats,  will  occur.  The  number  of 
beats per second equals the difference between the vibration numbers 
of  the  sounds.  Dissonance  is produced by this  phenomenon.  We 
shall  see  later  with  what  importance  these  phenomena  affect  our 
auscultatory signs. 
Von Helmholtz and K6nig have simplified our understanding of sound 
analysis and synthesis by constructing small globes or resonators with 
aural attachments.  A whole series of resonators may be used in  lis- 
tening to sound reinforcement of partials or their combinations in pure 
or compound tones.  Sound reinforcement may be demonstrated by 
lowering the pectoral end of a stethoscope into a hollow vase and not- 
ing the reinforcement of one or perhaps two tones as struck upon the 
pianoforte.  The roar of the sea-shell beside the ear is due to its ca- 
pacity to reinforce the infinite number of small tones and partials that 
are ordinarily moving through  the atmosphere, but which are imper- 
ceptible to the ear. 
3We must not confuse overtones derived from thoracic murmurs with those 
which are always added by the instrument  employed, and which are peculiar  to 
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It is to these laws that we must  turn for an explanation of respira- 
tory murmurs and heart sounds. 
Sound Interference and the Laws Governing Closed Pipes. 
If  a  tuning  fork  is  struck  and  twirled  beside the ear, it will be 
noticed that in its passage of revolution four places will occur where 
silent areas appear to exist.  These are nodal lines of silence.  They 
are due to  the propagation outward of two sets of vibrations which 
have  the  same  frequency, but which are in opposite phases.  Upon 
vibrating plates and membranes the nodal lines which are formed vary 
with an alteration  in  pitch.  They may readily be observed by ex- 
periment, when light powder is sifted upon a vibrating plate. 
As distinct from open pipes, pipes which are closed at the end op- 
posite the mouthpiece, and which have a fundamental tone represented 
by 1, may be caused to give forth successively the notes, 3,  5,  7, 9, 
etc.;  that is, only the odd harmonics of the primary note.  Notwith- 
standing  that  the above laws  are  enunciated with  reference to  an 
organ pipe, they are true of any other closed pipe of uniform section. 
When an air column contained within a  pipe  is  set into  vibration, 
nodes and loops occur.  By a  node must be understood a  section of 
the column of air contained in the pipe, where the particles remain at 
rest, but where there are rapid alterations of condensation and rare- 
faction.  By a  loop must be understood a  section of the  column of 
air contained in  the pipe where the vibrations of the particles of air 
have the greatest amplitudes, and where there is no change of density. 
In the case of a closed pipe, the top is always a node.  And upon the 
division of the pipe into nodes and loops depends the formation of the 
number of partials. 
My  early impressions  of  the  complexity of  acoustics  and  their 
relation  to  thoracic murmurs soon led me to  realize the  futility of 
their further study with the ordinary stethoscope, for within the com- 
pass of the thorax it will be seen that there exist the most compli- 
cated compound tones.  Some of these are blurred to our perception 
by variations in  their intensity or by sounds of a  relatively greater 
i~tensity which overshadow them.  Of the pure tones, some depend 
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the vibration of solid structures lends quality to a  third class.  We 
have also to consider that these tones in the chest are modified finally 
by their transmission to a  series of vibrating membranes which defi- 
nitely  have  a  capacity  for  their  reflection and  refraction in  their 
propagation outward to the integument.  It must be understood in 
this regard that our faculty of perceiving sounds depends rather on 
their intensity than on their pitch; and that of the audible sounds, we 
have a variation between 16 vibrations a  second and from 16,000  to 
20,000 for the higher frequencies, the wave lengths of which follow in 
a definite ratio. 
Refractoscope. 
With these, facts before me, I  began to  conceive the design of an 
instrument especially adapted  for this  acoustic study.  During  the 
progress of the experimental work I found it necessary to build several. 
The mechanics of the refractoscope (Fig. 1), as I have called it, in its 
relation  to  sound  waves  are  described  briefly below.  The  use of 
this instrument led to the discovery of the existence of sound shadows 
within the human thorax. 
The vertical section of the refractoscope (Text-fig. 1) will give an idea 
of its shape and size.  It consists of a series of tubes, straight below, 
and globe-shaped above.  The parabola portion of this instrument is 
the conic section embodied in the  upper part of the innermost tube 
(Fig. 2).  It is symmetrical and has a fixed focal distance as a reflector, 
and within this parabola at the focal end are three compound wooden 
lenses.  Its inner surface is polished nickel, and its outer portion is 
encased in felt.  Surrounding the parabola proper is a water chamber, 
since by experiment it was observed that without the water chamber 
the instrument is less sensitive to some vibrations under observation. 
Surrounding the inner tube is an outer movable tube, actuated by a 
rack and pinion.  By  this  adjustment  the listener is  able  to  focus 
down upon a sound in a manner analogous to focusing a microscope. 
The  sound is  thereby reinforced  through  resonance.  The pectoral 
cap is provided with an iris diaphragm, the movement of which is a 
finer adjustment for changing the ratio of the length to that of the 
bore of the inner tube.  Both of these adjustments have graduated 
scales. TExT-FI6. 1.  A vertical section of the refractoscope.  Scale one-third. 
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Above the water chamber is a second chamber  containing six boxwood 
lenses, a  sounding post, and a  resonator.  The lenses rotate about a 
vertical axis, and are actuated either up or down by a screw projecting 
from the top of the instrument.  The six lenses oppose each other on 
the perpendicular sides of the sounding post.  The cross-section of 
this post is an equilateral triangle, and is so devised to lessen inter- 
ference.  Each lens is subdivided  into three prisms with felt mutes 
interposed  between adjacent  surfaces;  the  prisms  when placed  to- 
gether form the six lenses, and three of these are piano-convex and 
three are piano-concave.  A moist chamber is placed in the top of the 
parabola, and vertical slits in the sides of the chamber, made at the 
top, permit the passage of sound waves as they are brought to a focus 
upon the lenses.  The outer surfaces of the moist chamber are covered 
with felt, in order that the tube harmonics may be muted, as far as 
possible.  It may now be readily seen if harmonics represented by the 
series 3, 5,  7, 9 are reinforced and caused to impinge upon the hypote- 
nuse of one prism, that during  their  refraction,  the  separate  upper 
partials will penetrate to the sounding post, or be muted in the felt, 
depending upon their intensity, and upon their direction towards the 
apex or base of the prism.  Ordinary rubber stethoscope tubes com- 
plete the instrument in its present development. 
That this principle of so refracting sound is fallacious in  theory-- 
except for instances of the higher frequencies--was demonstrated by 
the incapacity of the lenses as such, to modify the larger wave lengths 
which I  desired  to  study.  In  order,  therefore,  to  perceive intelli- 
gently waves of from ½ to  1½  inches  in  length,  the lenses  required 
would necessarily need to be from 4 to 6  inches in diameter, or even 
larger.  This  size,  necessarily  large  for  deeper  tones,  impairs  the 
instrument  for  ordinary practice.  But  the  refractoscope was  not 
without important teachings.  The first precept of interest and im- 
portance to instrument construction was that no instrument is capa- 
ble of  being  placed  upon the chest  wall without conveying to  the 
sense of hearing sounds dependent upon its capacity as a conductor, 
by virtue of its solid parts.  The second precept was quite unexpected. 
It was  found that  the  conductivity of the instrument  was  altered 
through the law of resonance, by a  slight adjustment of the lenses. 
Upon this discovery were based the subsequent designs for the partial. 
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Partial Stethoscope. 
The partial stethoscope (Fig.  3  and Text-fig. 2),  depends for the 
most part upon its property to  communicate sound  vibrations by 
virtue of its solid parts.  This is an improvement over air conduction 
instruments, for if it is true that the faculty for perceiving the higher 
frequency vibrations is dependent  upon their intensity of transmission, 
it will follow that certain sounds will not be heard, if we depend upon 
air conduction as a sole means of transmission. 
Sound perception may be altered with the partial stethoscope by 
(1) any variation in the conductivity of the instrument;  (2) any altera- 
tion in the amplitude of  sound vibrations  occurring within the air 
chambers of the instrument. 
The conductivity of this instrument may be altered by an adjust- 
ment of  the  thumb nut.  The  amplitude of vibration  may be  in- 
creased by placing a layer of blotting-paper between the pectoral end 
and the sounding body,--this increases both loudness and intensity, 
--and also by lessening the pressure contact of the instrument against 
the sounding body.  The amplitude of vibration may be decreased by 
increasing  the  pressure  contact,  or  by  removing  the  instrument 
altogether. 
Partials may be studied by reinforcing the beginning or the ending 
of the chain, at the expense of that portion which is less desired.  It 
should be understood that this maxim refers to tones which have a 
measurable duration, readily perceived and comparable with tones of 
a shorter duration.  It is interesting to note that when two tones which 
are constant in pitch and in rhythm seem to change that rhythm in 
their cycle or to be timed differently, it appears to the sense of hear- 
ing that the partials of the one tone have either been anticipated, or 
that the partials of the other have been followed, or vice versa.  It 
results accordingly that  adjustments which increase  the pitch of a 
fundamental mean that the partials of it are heard to follow its original 
time, while adjustments which decrease the pitch of a tone mean that 
the partials of it are heard to anticipate its original time.  The lowest 
partial is the fundamental, while those above it in pitch are partials in 
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TEx~r-FI6. 2.  A vertical section of the partial stethoscope.  Scale one-half, 616  NEW  THORACIC  MURMURS 
TEx¢-Fm.  3.  The  partial  stethoscope,  showing  the  multiple  air  chambers 
within the pectoral piece, and the usual Bell stethoscope, modified and forming the 
top of this instrument.  Scale one-half. 
TExT-Fro. 4.  A variation of the partial stethoscope, with  a  vibrating piston- 
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Text-fig.  3  shows  another view  of the  partial  stethoscope.  The 
lower half is made of a perforated piece of boxwood, while the upper 
half is a hollow tube containing a  piston-mute.  Both  air  chambers 
contained within these parts are connected by five hollow tubes, and 
in the conduction of sound to the top of the instrument, by virtue of 
these shell tubes,  the air spaces within are set into vibration,  trans- 
forming the cavities into a sonorous body of air, which is perceived as 
sound.  By regulating the position of the piston-mute, sound partials 
desired for study may be reinforced.  By a  careful variation of the 
amplitude of sound under observation the listener is still further able 
to pick out, focus upon, or mute sounds at will. 
The vertical section (Text-fig. 4) shows a partial stethoscope having 
a  vibrating diaphragm, which is nothing more nor less than a piston- 
mute.  The  amplitude  of sounds  with  this instrument is somewhat 
increased over the less sensitive model. 
Results Obtained with the Instruments. 
With these instruments the following facts have been determined. 
The  sounds  heard  through  the  refractoscope  and  through  the 
partial stethoscope are different in many respects from those we hear 
in ordinary auscultation. 
There exist sound shadows, of which we have been  ignorant,  and 
of  these  there  are  two  varieties,  respiratory  sound  shadows  and 
cardiac sound shadows. 
Heart  sounds  appear  to  take on  the  characteristics  of  chamber 
sounds in a degree greater than we have realized;  and dilated hearts 
with  poor  muscle  respond  to  more  harmonics  than  does  muscle 
with better tonus. 
The  so  called  third  heart  sound, noted  by many observers  and 
discussed by both Bari~ and Thayer, does exist as a true heart sound. 
It is  the sound produced during auricular systole and is heard best 
at the apex. 
There  is  a  cardiac  sound  which  I  shall  call  the  outflow sound. 
The heart is a tube with resonant walls.  These walls are set in vibra- 
tion:  (1)  while  the heart is  filling;  (2)  when  the auricle contracts; 
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(4) while the ventricle is being emptied;  (5) when the semilunar valves 
close.  The flow of blood into the heart is too gentle to cause vibra- 
tions sufficient to give rise to audible sound.  The second or auricular 
vibration causes the sound of Bari6 and Thaye~.  The third sound is 
that now termed clinically the first sound.  The fourth is my out- 
flow sound.  The fifth is  the so  called second sound.  The outflow 
sound is heard between the first and second valve sounds of the heart. 
During  this period the outflow sound does not appreciably vary in 
intensity, b.ut it noticeably rises in pitch.  When the ventricle shoots 
its  considerable mass of blood into  the great arteries, it  is  a  priori 
probable that the rushing flood would set the elastic walls in vibration. 
The outflow sound cannot be a continuation of the so called first sound, 
because  the  intensity  of  the  outflow  sound  does  not  perceptibly 
diminish. 
Vesicular breathing" and bronchial breathing have the same origin, 
but in vesicular breathing there are vibrations added by the paren- 
chyma of the lungs, and in bronchial breathing there are fewer partials 
muted. 
The  ratio  of  inspiration  to  expiration  during  any  one  phase  is 
dependent upon the domination of one tone with its chain of partials 
over the other,--by reason of improved or impaired resonance in that 
phase, and this may be altered somewhat,  by  reinforcing the  other 
tone or chain. 
There  are  lines  of  diminishable  intensity emanating  from  the 
integument during the phases of respiration.  They are transient in 
character and may be influenced by pressure exerted upon the chest 
wall from without. 
In all sounds emanating from the thorax the pleurae are in a  state 
of vibration. 
Some  sounds produced in the more remote parts of the chest are 
brought to a focus in the apices of the lungs. 
CONCLUSIONS. 
1.  An understanding of the physics of sound is essential for a better 
comprehension of refined auscultation,  tone analysis  and the use of 
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2.  The detection of variations of the third heart sound should prove 
a valuable aid in predicting mitral disease. 
3.  The variations of the outflow sound should prove a valuable aid in 
determining early aortic lesions with the type of accompanying intimal 
changes. 
4.  The character of chamber timbre as distinct from loudness heard 
as the first and second heart sounds denotes more often the condition 
of heart muscle, and must not be confounded with valvular disease. 
5.  The  full  significance of sound shadows is  uncertain.  Cardiac 
sound  shadows  appear  normally  in  the right axilla  and below the 
left clavicle.  Their mode of production is  quite clear. 
6.  Both  the  third  heart  sound  and  the  outflow  sound may be 
heard with  the ordinary stethoscope. 
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EXPLANATION OF  PLATES. 
PLATE 58. 
FIG. 1.  The refractoscope. 
PLATE 59. 
FIG. 2.  The refractoscope assembly.  1.  The  tubes  used  in  tuning.  2.  The 
lenses, sounding post, and resonator.  3.  The reflecting parabola encased in felt. 
4.  Water chamber.  5.  The pectoral cap, with iris diaphragm. 
PLATE 60. 
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